We previously identi®ed a novel p53-induced mouse gene, wig-1, that encodes a 290 amino acid zinc ®nger protein (Varmeh-Ziaie et al., 1997) . Here we have identi®ed and characterized the human homolog of mouse wig-1. The human wig-1 protein is 87% identical to the mouse protein and contains three zinc ®nger domains and a putative nuclear localization signal. Human wig-1 mRNA and protein is induced following activation of wild type p53 expression in our BL41-ts p53 Burkitt lymphoma cells. Wig-1 is also induced in MCF7 cells following treatment with the DNA-damaging agent mitomycin C. Northern blotting detected low levels of wig-1 mRNA in normal human tissues. Fluorescence in situ hybridization mapped wig-1 to human chromosome 3q26.3-27. FLAG-tagged human wig-1 localizes to the nucleus. Ectopic overexpression of human wig-1 inhibits tumor cell growth in a colony formation assay. These results suggest that human wig-1 has a role in the p53-dependent growth regulatory pathway. Oncogene (2001) 20, 5466 ± 5474.
Introduction
Cell growth and survival are tightly controlled in multicellular organisms. An important component of this control system in mammalian cells is the p53 tumor suppressor protein (reviewed in Gottlieb and Oren, 1998; Sherr, 1998) . p53 is a sensor of cellular stress conditions including oncogenic activation, DNA damage and hypoxia. Cellular stress causes increased p53 protein levels and p53 activation, triggering a p53-dependent biological response. p53 has several functions, including induction of cell cycle arrest and apoptosis. At least induction of apoptosis is critical for p53-mediated tumor suppression (see Bates and Vousden, 1999) . p53 orchestrates its biological response via transcriptional regulation, both positive and negative, of a set of target genes. The importance of transcriptional regulation for induction of cell cycle arrest and apoptosis is supported by the fact that most p53 mutations are localized to the speci®c DNA binding domain (Harris, 1996) , and also by the ®nding that cells from knock in mice carrying a transcriptionally inactive mutant p53 gene showed de®cient p53-dependent cell cycle arrest and apoptosis (Chao et al., 2000) . Among the known p53 target genes, p21, Gadd45, 14-3-3s (reviewed in el-Deiry, 1998) and Reprimo (Ohki et al., 2000) , are eectors for cell cycle arrest, while Bax (Miyashita and Reed, 1995) , Fas (Owen-Schaub et al., 1995) , PIG genes (Polyak et al., 1997) , PERP (Attardi et al., 2000) Noxa (Oda et al., 2000a) , MCG-10 (Zhu and Chen, 2000) , p53AIP1 (Oda et al., 2000b) , and PIDD (Lin et al., 2000) have been implicated in apoptosis. Furthermore, anti-apoptotic genes like Bcl-2 (Haldar et al., 1994) , insulin-like growth factor receptor (IGF-1R) (Prisco et al., 1997) , and MAP4 (Murphy et al., 1996) are transrepressed by p53. Despite the identi®cation of several p53 target genes as con®rmed or putative eectors in the p53-dependent growth arrest and apoptosis pathways, the molecular mechanisms behind the p53-dependent biological response are only incompletely understood and it is highly likely that additional yet unidenti®ed p53-regulated genes are involved.
We have previously identi®ed and characterized a new p53-induced mouse gene designated wig-1 (Varmeh-Ziaie et al., 1997) that encodes a nuclear zinc ®nger protein of unknown function. Wig-1 mRNA levels are induced with similar kinetics as p21 in response to p53 activation, suggesting that wig-1 is a direct target of p53. Furthermore, wig-1 mRNA is expressed at very low levels in most tissues under normal conditions, except brain and testis that express higher levels. Simultaneously and independently, the rat homolog of wig-1, PAG608, was isolated (Israeli et al., 1997) . Wig-1 and PAG608 are highly conserved, sharing 97.9% amino acid sequence identity. PAG608 was shown to promote weak apoptosis when overexpressed in human tumor cells. In order to study the role of wig-1 for the p53 response in human cells, we have isolated and characterized the human homolog of wig-1. Here we show that human wig-1 is a highly conserved nuclear zinc ®nger protein that is induced by p53 and inhibits cell growth.
Results

Identification and cloning of human wig-1
We designed PCR primers corresponding to regions of wig-1 that were particularly well conserved between mouse and rat. The primers were used in PCR reactions with human cDNA as template. From these reactions we identi®ed two DNA fragments whose sequences were similar but not identical to either wig-1 or PAG608. The fragments contained 736 bp of the open reading frame (ORF) of human wig-1. The remainder of the cDNA was cloned by 5'RACE and PCR. This provided additional sequence information including around 30 bp upstream of the ATG of the main ORF and sequence downstream to the stop codon. BLAST searches of human ESTs allowed identi®cation of some 250 bp further 5'. The human wig-1 cDNA sequence is shown in Figure 1a , along with the predicted amino acid sequence. The cDNA contains a short 5' untranslated region (UTR) that in itself contains a very short ORF that stretches into the main ORF. The 5' UTR is followed by a longer ORF of 864 bp. The long ORF encodes a predicted 288 amino acid protein with three widely spaced C2H2 zinc ®ngers, and a putative nuclear localization sequence between the second and the third zinc ®nger. Alignment of the human, rat and mouse amino acid sequences reveals striking similarities (Figure 1b) . The overall amino acid sequence identity between the mouse and human wig-1 proteins is 87%. The two ®rst zinc ®ngers are perfectly conserved between the three species whereas the third zinc ®nger diers by one single amino acid residue between human and mouse/ rat (Met-258). The unusually long spacing between the zinc ®ngers is also well conserved. The distance between the ®rst and the second zinc ®ngers diers by only one amino acid when the human wig-1 protein is compared to the mouse protein. The interhistidine spacing within the zinc ®ngers is conserved as well. The remarkable sequence identity and conservation of several unusual structural features of the protein products con®rms that this gene is the human homolog of mouse wig-1 and rat PAG608.
Human wig-1 is localized to the long arm of chromosome 3
Chromosomal mapping of human wig-1 was performed by¯uorescent in situ hybridization (FISH) using genomic wig-1 clones as probes. The genomic clones were isolated from a human placenta genomic lambda library by screening with a human wig-1 cDNA probe. Southern blot analysis con®rmed that the lambda clones contained wig-1 sequences. Hybridization of one biotin-dUTP-labeled DNA probe to metaphase chromosomes is shown in Figure 2 . Both lambda clones hybridized speci®cally to human chromosome 3q26.3-27.
Wild type p53 upregulates human wig-1 mRNA and protein Mouse wig-1 is induced by wild type p53. To determine whether human wig-1 is also induced by wild type p53, we used a temperature-sensitive (ts) p53 system in BL41 cells. These cells constitutively express ts mutant p53 that is inactive at 378C but functions as wild type p53 at 328C (Ramqvist et al., 1993) . Wild type p53 was induced by incubating the cells at 328C. Total RNA was isolated from cells harvested at dierent time points and analysed by Northern blotting using a human wig-1 cDNA probe corresponding to the coding Figure 1 (a) Nucleotide sequence of human wig-1 cDNA and the predicted amino acid sequence. The 5' UTR contains a short upstream ORF (marked by asterisks; nucleotides 9 ± 68) that reaches into the main ORF. The main ORF encodes a predicted 288 amino acid protein with three zinc ®ngers of C2H2 type (underlined) and a nuclear localization signal (in bold). (b) Alignment of human, rat, and mouse wig-1/PAG608. Dierences are indicated by dots. Zinc ®nger regions are underlined and the nuclear localization signal is shown in bold characters. The GenBank accession number for the human wig-1 nucleotide sequence is AY037945
Oncogene Human wig-1 inhibits cell growth F Hellborg et al sequence. As shown in Figure 3a , two major wig-1 mRNA species (10 and 7.2 kb) and a minor species (4.4 kb) were detected. After longer exposure, a fourth minor human wig-1 transcript (2.0 kb) was also detected (not shown). The 10 and 7.2 kb species were induced already 2 h after activation of wild type p53, reached a maximum level after about 8 h and were still detectable at 24 h. As a control, parental BL41 cells were treated in the same way. No increase in human wig-1 mRNA levels was observed in these cells at 328C. Figure 2 Chromosomal localization of human wig-1. Two dierent genomic clones containing human wig-1 were used as probes in uorescent in situ hybridization (FISH). Speci®c hybridization was found at human chromosome 3q26.3-27
Human wig-1 inhibits cell growth F Hellborg et al
To study expression of the human wig-1 protein, a rabbit antiserum was raised against a peptide derived from the N-terminal region of human wig-1. Western blotting analysis of BL41-ts p53 cells using this antiserum detected a double band migrating with an apparent molecular weight of 32 kD on SDS polyacrylamide gel electrophoresis ( Figure 3b ). As shown in Figure 3b , human wig-1 protein was expressed at low levels in BL41-ts p53 cells grown at 378C. However, activation of wild type p53 by temperature shift to 328C caused a marked increase in wig-1 protein levels, demonstrating that both human wig-1 mRNA and protein are upregulated by wild type p53.
Human wig-1 is induced by DNA damage in cells carrying wild type p53
We next asked whether wig-1 is also induced following activation of endogenous wild type p53. We analysed wig-1 mRNA expression in wild type p53-carrying MCF-7 cells after treatment with 10 mg/ml of the DNA-damaging agent mitomycin C (MMC). Total RNA was isolated at dierent time points and analysed by Northern blotting. MMC caused a 5 ± 6-fold increase in wig-1 mRNA levels at 8 h after treatment (Figure 4 ). This indicates that activation of endogenous wild type p53 by DNA damage can also induce human wig-1 expression.
Normal tissues express low levels of human wig-1
Mouse wig-1 is expressed at very low levels under normal conditions in most tissues except testis and brain (Varmeh-Ziaie et al., 1997) . To determine the expression of human wig-1 in normal tissues, a human wig-1 probe was hybridized to a multiple tissue Northern blot containing RNA from brain, heart, skeletal muscle, colon, thymus, spleen, kidney, liver, small intestine, placenta, lung and peripheral blood leukocytes. Low basal levels of the 10 and 7.2 kb wig-1 mRNA species were detected in all tissues examined (data not shown).
Human wig-1 protein is localized to the nucleus
The presence of a putative nuclear localization signal (NLS) at residues 194 ± 210 in human wig-1 suggests that the protein is nuclear. To test this, we transfected H1299 cells with pCMV expression vectors expressing either FLAG-tagged wild type human wig-1 (wt hwig-1) or a mutant version lacking the putative NLS (DNLS hwig-1). As shown in Figure 5a and b, the wild A B Figure 3 Regulation of human wig-1 mRNA and protein by wild type p53. (a) Total RNA was isolated from parental BL41 and BL41-ts p53 cells at the indicated time points after temperature shift to 328C and analysed by Northern blotting. The entire coding region of human wig-1 cDNA was used as a probe. GAPDH was used as control probe. (b) Protein lysates were prepared from BL41-ts p53 cells incubated for the indicated time periods at 328C and analysed by Western blotting. The membrane was probed with a polyclonal rabbit antiserum against a 16 amino acid peptide derived from the N-terminal region of human wig-1 Figure 4 Human wig-1 is induced in response to DNA damage. Wild type p53-carrying MCF-7 breast carcinoma cells were treated with the DNA-damaging agent mitomycin C (MMC) at a concentration of 10 mg/ml. Total RNA was isolated from cells harvested at the indicated time points and analysed by Northern blotting using a probe corresponding to the coding region of human wig-1. GAPDH was used as control probe. The wig-1 signal relative to the signal obtained with the control probe is indicated type wig-1 protein localized exclusively to the nucleus. Nucleoli were usually excluded. In contrast, the wig-1 mutant lacking the putative NLS was excluded from the nucleus and evenly distributed in the cytoplasm (Figure 5c and d) . Similar results were obtained in Saos-2 cells (not shown), although we also observed cells that showed a speckled nuclear staining pattern, possibly indicating a nucleolar localization (Figure 5e ). In summary, these ®ndings con®rm that human wig-1 is a nuclear protein and that the putative NLS is important for the nuclear localization.
Overexpression of human wig-1 inhibits cell growth
Since p53 can trigger cell cycle arrest and apoptosis, we wished to determine whether human wig-1 mediates any of these activities. FLAG-tagged wild type human wig-1 or DNLS-wig-1 were transiently transfected into H1299 and Saos-2 cells. We could not detect any robust increase in the fraction of apoptotic cells following transfection of wild type wig-1 or DNLSwig-1, as determined by TUNEL or Hoechst staining 48 and 72 h post transfection (data not shown). Thus, human wig-1 is not a potent inducer of apoptosis, at least not under these conditions.
In order to examine the eect of wig-1 on cell growth and/or survival over several cell divisions, we performed a colony formation assay in Saos-2 cells. The cells were transfected with FLAG-tagged wild type human wig-1 or DNLS human wig-1, or empty FLAG vector, and selected with G418 for 2 weeks. Colonies were subsequently stained and counted. A representative set of plates from one experiment is shown in Figure 6a ; number of colonies formed are shown in Figure 6b . Wild type human wig-1 suppressed colony formation by 25 ± 30% compared to empty vector. In contrast, there was no signi®cant dierence in the number of colonies formed by the DNLS wig-1 mutant and vector only transfectants. These results were con®rmed in three independent experiments. Thus, human wig-1 exerts a growth inhibitory eect in Saos-2 cells and this eect is dependent on the presence of the putative nuclear localization signal.
Discussion
The biological eects of p53 are to a large extent mediated through transactivation of speci®c target genes. Identi®cation and functional analyses of such genes is therefore essential for the understanding of p53-dependent biological pathways, including p53-dependent tumor suppression. We previously identi®ed wig-1, a novel p53-induced mouse gene that encodes an unusual zinc ®nger protein (Varmeh-Ziaie et al., 1997) . Its rat homolog, PAG608, was independently cloned by Israeli and colleagues (1997) . Here we present the sequence, chromosomal localization, and functional characterization of human wig-1. Comparison of the nucleotide and amino acid sequences of human and mouse wig-1 reveals remarkable similarities with an overall amino acid sequence identity of 87%. The zinc ®ngers are highly conserved, as well as the distance between them. Typically, zinc ®ngers are separated by 6 ± 8 residues in zinc ®nger proteins. In contrast, the zinc ®ngers in human and rodent wig-1 are separated by 54 (55 in mouse) and 75 residues, respectively. It is noteworthy that the zinc ®ngers in wig-1 have an unusual interhistidine spacing of ®ve residues. The characteristic long spacing between the zinc ®ngers in wig-1 is shared with a small group of proteins that includes dsRBP-ZFa (Yang et al., 1999) , both of which have been shown to bind double-stranded (ds) RNA. Interestingly, PAG608 was also reported to interact with dsRNA (Finerty and Bass, 1999). The human wig-1 protein migrated as a 32 kD double band in SDS gels, consistent with the predicted 288 amino acid protein product encoded by the long ORF. The signi®cance of the short upstream ORF in human wig-1 is unclear. A short 5' ORF is present in the dsRBP-ZFa gene as well (Finerty and Bass, 1997) . Further work should address for example the possibility that translation of the short 5' ORF somehow regulates translation of the longer 3' ORF.
Like its mouse homolog, human wig-1 is induced by wild type p53 in a ts p53 system. Increased human wig-1 mRNA levels were detected already 2 h after activation of wild type p53. The kinetics of induction resemble those of p21 and other known p53 target genes containing p53 binding motifs, suggesting that human wig-1 is a direct target of p53. Like mouse wig-1, human wig-1 is expressed as several mRNA species. The mouse wig-1 transcripts arise due to multiple polyadenylation sites and carry the same coding information (Varmeh-Ziaie et al., 1997) . Furthermore, wig-1 is not only induced by overexpression of wild type p53 in our ts p53 system, but also following of endogenous p53 by exposure of cells to mitomycin C. This indicates that human wig-1 is a genuine p53 target gene that is induced in response to p53-activating stress conditions such as DNA damage. Our observation that wig-1 was expressed at low basal levels in all tissues examined is also consistent with a p53-dependent regulation of expression in most cells and tissues.
Analysis of the available human genome sequence (Venter et al., 2001 ) revealed several putative p53 binding sites in the wig-1 promoter. One perfect p53 motif (AAACAAGTCCAGACATGCCT) is located in intron 1, around 3.4 kb upstream of exon 2 and the ATG. In addition, a single motif (GCGCAAGCCC) is located 0.3 kb 5' of the putative exon 1. This strongly supports the idea that human wig-1 is a direct p53 target, although the ability of the putative p53 binding motifs in human wig-1 to mediate p53-dependent transcriptional transactivation should be veri®ed in reporter assays.
The fact that wig-1 is upregulated by p53 raises the possibility that wig-1 has a role in p53-mediated tumor suppression and perhaps acts as a tumor suppressor itself. We mapped wig-1 to human chromosome 3q26.3-27, a region that is altered in a variety of human tumors. Ampli®cation of this region has been observed in cervical (Heselmeyer et al., 1997; Allen et al., 2000) , breast (Forozan et al., 2000) , prostate (Sattler et al., 2000) , squamous head and neck (Brzoska et al., 1995) , and non-small cell lung (Balsara et al., 1997) carcinomas, and B-cell lymphomas (Starostik et al., 2000) . It remains to be determined if human wig-1 is included within the amplicon in these tumors. Since wig-1 is upregulated by wild type p53, it is presumably not expressed in tumors lacking wild type p53. If so, there may not be any selection against co-ampli®cation of wig-1 in tumors carrying mutant p53. Loss of heterozygosity (LOH) at 3q26.3-27 has been reported in osteosarcomas (Kruzelock et al., 1997) , testicular tumors (Faulkner et al., 2000) , and pancreatic endocrine tumors (Chung et al., 1998) . Wig-1 loss or inactivation could favor tumor growth in the presence of functional wild type p53. If loss of one wig-1 allele is con®rmed in tumors carrying LOH at 3q26.3-27, closer examination of the retained wig-1 allele may give a clue as to whether or not wig-1 inactivation plays a role in tumor development.
The presence of a putative nuclear localization signal (NLS) in the human wig-1 protein suggested that the protein is localized in the nucleus. Our experiments using FLAG-tagged wild type and DNLS-wig-1 con®rmed a nuclear localization dependent on the NLS. In addition, the NLS was required for wig-1-mediated growth inhibition (see below). In a subset of the cells transfected with human wig-1, we observed a speckled staining pattern within the nucleus, consistent with a nucleolar localization. Thus, it is possible that the human wig-1 protein localizes to nucleoli under certain conditions.
In order to assess the ability of human wig-1 to regulate cell growth and survival, we transfected wig-1 into human Saos-2 and H1299 tumor cells. Human wig-1 reproducibly inhibited growth in our colony formation assay. The inhibition was only partial, whereas transfection of wild type p53 completely inhibited colony formation. It is reasonable to assume that wig-1 acts in concert with additional p53 target genes to regulate cell growth and survival. Therefore, overexpression of wig-1 alone should deliver a less potent growth-inhibiting signal than p53 itself.
With the limited data available, we can only speculate on the possible mechanisms by which wig-1 inhibits cell growth. The rat homolog of wig-1, PAG608, was reported to promote apoptosis, although weakly, and had no major eect on cell cycle distribution (Israeli et al., 1997) . In our experiments, human wig-1 did not trigger a signi®cant apoptotic response, as shown by TUNEL and Hoechst staining. This suggests the possibility that wig-1 acts in other growth regulatory pathways. Given the structural similarities between wig-1, dsRBP-ZFa, and JAZ, it is conceivable that the human wig-1 protein binds dsRNA. If so, wig-1 could for example inhibit total protein synthesis through rRNA binding and obstruction of ribosome assembly. That the protein synthesis machinery is critical for regulation of cell growth is illustrated by the observation that the growth-promoting c-myc oncoprotein positively regulates ribosome biogenesis and protein synthesis (Greasley et al., 2000) . The cloning and characterization of human wig-1 described here should provide the tools for further studies of the function of wig-1 in human cells and its possible involvement in the development of human cancer.
Materials and methods
Cloning and DNA sequencing
Human cDNA from either testis or BL41-ts p53 cells incubated for 8 h at 328C was used as template in PCR reactions with primers 263F (5'-CTT GCA GCT CCC GCC ACA GA), 754R (5'-TTC TTT CCG AGT CCG CCG TT), 999R (5'-TCG CTC CTG TAC CGC TGC TC) and 555F (5'-GTC CCT CCG CAG GTG GGC TC). PCR products were cloned in the pGEM-T Easy vector (Promega, WN, USA) and sequenced. 5'RACE was performed using the Marathon TM cDNA Ampli®cation Kit (Clontech, CA, USA) with the internal primer 247R (5'-CAG GCT CGA CCA -CAT TGC TCA TT) according to the manufacturer's protocol. DNA fragments obtained were cloned in pGEM-T Easy and sequenced. Sequencing was carried out using the ABI PRISM BIG DYE TERMINATOR Cycle Sequencing Ready Reaction Kit (PE Applied Biosystems, MA, USA) and analysed on an ABI Prism 310 Genetic Analyser (Perkin Elmer, MA, USA).
Fluorescent in situ hybridization (FISH)
Two genomic l clones containing human wig-1 were obtained by screening a human placenta library (1067j; Clontech, CA, USA) with a human wig-1 probe. The DNA was labeled using nick-translation with biotin-dUTP (Bionick labeling system, Gibco/BRL, TaÈ by, Sweden). FISH using labeled DNA was performed on metaphase chromosomes from Human wig-1 inhibits cell growthphytohemagglutinin-stimulated human lymphocytes as described (Fedorova et al., 1997) .
Northern blotting
Total RNA was separated on 1% agarose/formaldehyde gels, transferred to Hybond N + membranes (Amersham Pharmacia Biotech, Uppsala, Sweden) and crosslinked by UV. Hybridization was performed for at least 10 h according to the protocol for Hybond N + membranes using a probe corresponding to the entire open reading frame of human wig-1. The probe was labeled with 32 P-dCTP using the Rediprime labeling kit (Amersham Pharmacia Biotech, Uppsala, Sweden). Bands were visualized by PhosphoImager (Molecular Dynamics, CA, USA). For control of even loading, membranes were reprobed with 32 P-dCTP labeled GAPDH cDNA. A multiple tissue blot (Clontech, CA, USA) was probed using the same protocol.
Western blotting
Samples were prepared by lysing cells in lysis buer containing 100 mM Tris, 150 mM NaCl, 1% NP40 and 1% PMSF. Protein concentrations were determined using the Bradford protein assay (Bio Rad, CA, USA). Equal amounts of total protein were separated on 10% SDS polyacrylamide gels and blotted onto Hybond ECL nitrocellulose membranes (Amersham Pharmacia Biotech, Uppsala, Sweden). Membranes were incubated with anti-human wig-1 antiserum (dilution 1 : 100) followed by horseradish peroxidase-conjugated secondary anti-rabbit Ig antibody (dilution 1 : 5000), and proteins visualized with ECL (Amersham Pharmacia Biotech, Uppsala, Sweden). A human wig-1 polyclonal antiserum was raised in a rabbit against a 16 amino acid peptide (PLAGEEELSKGGEQDC; residues 46 ± 61) derived from the N-terminus of the human wig-1 protein (Innovagen AB, Lund, Sweden), and puri®ed on a Sulfolink column (Pierce, IL, USA) coupled with the same peptide. The speci®city of the antiserum was con®rmed by blocking with the peptide used for immunization.
Vectors and constructs
Constructs were made by introduction of adequate restriction enzyme sites at proper positions by PCR followed by cloning of the fragments into pGEM-T Easy Vector (Promega, WN, USA). BamHI sites were introduced at each end of the open reading frame of human wig-1 using the primers hwigBamHIF (5'-GGA TCC ATG ATC CTC TTG CAA CAC) and hwigBamHIR (5'-GGA TCC TAC TAC TAT ACA TAT CCC AGA TT). The obtained PCR fragment was cloned into the pCMV-Tag 2B vector (Stratagene, CA, USA). A mutant of human wig-1 lacking the putative nuclear localization sequence (NLS) was generated in the same fashion by fusing two PCR fragments with appropriate restriction sites in the PCR primers. The primer pairs were hwigBamHIF/hwigDNLSR (5'-CCT AGG CGA GAA TGA GTT ACT CTG AGC) and hwigBamHIR/hwigDNLSF (5'-CCT AGG ATG TAT ACA GTA CAG AAT AAT TC). The fused fragments were subsequently cloned into the pCMV-Tag 2B vector. The absence of PCR-induced mutations in the inserts was veri®ed by DNA sequencing.
Cell lines
The cell lines used were Saos-2 (human osteosarcoma), H1299 (human lung adenocarcinoma), MCF-7 (human breast carcinoma), BL41 (human Burkitt lymphoma), and BL41-ts p53. The BL41-ts p53 line carries a constitutively expressed Val-135 mutant p53 construct expressed as mutant p53 at 378C but wild type at 328C (Ramqvist et al., 1993) . Cells were grown in Iscove's modi®ed Dulbecco's medium containing 10% fetal calf serum and 40 mg/ml Gentamycin.
Immunofluorescence staining and TUNEL staining
Cells were grown on plates or on cover slips and transiently transfected using either Lipofectamine Plus (Gibco ± BRL, TaÈ by, Sweden) according to the manufacturer's protocol or calcium phosphate as described (Sambrook et al., 1989) . After transfection on plates, cells were trypsinized and spun onto glass slides (where applicable), ®xed in 4% paraformaldehyde, permeabilized by 0.2% NP40, and incubated in BSA blocking buer (2% BSA, 5% Glycerol, 0.2% Tween 20, 0.1% NaN 3 ). FLAG-tagged human wig-1 was detected using Anti-FLAG 1 M2 Ab (Stratagene, CA, USA; dilution 1 : 1000). Secondary antibodies used were FITC-conjugated rabbit anti-mouse Ig Ab (DAKO, Copenhagen, Denmark) and Texas Red antirabbit IgG (Vector Laboratories Inc., CA, USA) (dilution 1 : 40). TUNEL staining was performed using TUNEL Enzyme and TUNEL Label Mix (Roche Diagnostics, IN, USA) according to the manufacturer's protocol.
Colony formation assay
Fifty thousand Saos-2 cells were transfected in 6-well plates, grown for 24 h, transferred to 10 cm plates and allowed to attach for 24 h prior to selection with G418 (1.5 mg/ml). The cells were grown under selection until colonies appeared after around 2 weeks. Colonies were stained with Giemsa stain and counted. Three plates were scored for each transfected plasmid in each experiment.
